Received February 6, 1975; revision accepted for publication June 10, 1975. teen of the 16 had severe congestive heart failure, five being considered New York Heart Association functional class IV and 11, class III. The ECGs of all 16 patients at the time of the study showed diagnostic Q waves and all but one of the ECGs showed persistent ST-segment elevation greater than 0.2 mV in the precordial leads at least three months after the acute myocardial infarction. Two of 16 patients were under treatment for ventricular tachyarrhythmias. All 16 patients had a greater than 70% occlusion of the left anterior descending coronary artery and 14 had marked obstruction of one or more other major coronary vessels.
RECOGNITION of ventricular aneurysm is at-
tributed to the English surgeon John Hunter in the 18th century.' Successful surgical resection of ventricular aneurysms began in the 1950s, but operation for ventricular aneurysm has an appreciable mortality, and does not always result in dramatic postoperative improvement.2 6 This study examined parameters measured during cardiac catheterization of patients with anterolateral ventricular aneurysms to determine their relationship to the severity of the patient's presenting hemodynamic impairment and for their value in predicting the postoperative result.
Case Material Sixteen patients were studied who had anterolateral ventricular aneurysms detected by left ventricular cineangiography taken in the right anterior oblique projection (RAO). Ventricular aneurysm was defined as a clearly demarcated dyskinetic section of the left ventricle observed during sinus rhythm.7 The ages of the patients ranged from 44 to 63 years; there were 14 males and two females. The duration of cardiac symptoms ranged from three months to two years prior to the time of catheterization. None had had arterial emboli. Seven of the 16 patients had angina. Four-teen of the 16 had severe congestive heart failure, five being considered New York Heart Association functional class IV and 11, class III. The ECGs of all 16 patients at the time of the study showed diagnostic Q waves and all but one of the ECGs showed persistent ST-segment elevation greater than 0.2 mV in the precordial leads at least three months after the acute myocardial infarction. Two of 16 patients were under treatment for ventricular tachyarrhythmias.
All 16 patients had a greater than 70% occlusion of the left anterior descending coronary artery and 14 had marked obstruction of one or more other major coronary vessels.
For comparison, control data were obtained on 11 normal subjects whose catheterization studies showed innocent heart murmurs or noncardiac chest wall pain. This control group did not differ from the patients with respect to sex distribution or body surface area. They were younger, with a mean age of 38 for the control group versus 51 years for the patients.
Nine of the 16 patients underwent surgical resection of the aneurysm. Saphenous vein bypass grafts were implanted in those remaining coronary arteries with significant obstructions. Three of the patients died in the immediate postoperative period and the remaining six have been followed from one to three years. Clinical evaluation of postoperative improvement was assessed at six to 12 months by staff cardiologists who were not aware of the preoperative catheterization results.
Methods
All studies were done with the patients at rest, supine, in postprandial state, and unsedated. Pressures were recorded on a multichannel photographic recorder* using strain gauge transducers. figure 1 , the correlation coefficient of the three methods of volume determination was greater than 0.99. All possible combinations of these eight geometric shapes were again filmed in the same position as used for the patients studied. These known geometric images were then compared visually to the left ventriculograms of the first ten patients studied. The best visual fit between the known geometric model pairs Abbreviations: SE = standard error; CI = cardiac index; LV = left ventricular; EDP = end-diastolic pressure; EDV = end-diastolic volume; EF = ejection fraction.
whether they were statistically different from zero; correlation of parameters to operative result was done using the Spearman rank correlation coefficient."
Results
End-diastolic volume of the total LV of aneurysm patients was 153 ± 14 ml as estimated by the conventional prolate spheroid area-length method and 163 + 15 ml when measured as the sum of the volumes of contractile and aneurysmal sections by the hemispheroid area-length method. The correlation coefficient for measurements by these two techniques was 0.99 and the regression equation of the double hemispheroid on the prolate spheroid volume was y = 1.06x + 2.4. Table 1 presents a comparison of four standard hemodynamic parameters in the normal group and the patients with ventricular aneurysm. Compared to normals, the aneurysm patients had depressed cardiac indices and ejection fractions, elevated end-diastolic pressures and elevated end-diastolic volumes. All differences are significant. These observations are similar to others reported in the literature.2 12 Ventricular aneurysm end-systolic volume, expansile stroke volume and dissipated stroke work are presented in table 2. These measurements varied widely. Each parameter was examined for correlation with total left ventricular volume, cardiac index, left ventricular end-diastolic pressure and postoperative improvement. No significant correlations were found.
The end-diastolic volume and ejection fraction of the contractile section of ventricles with aneurysms are compared with these measurements of the total left ventricle of normals in figures 4 and 5. The mean end-diastolic volume of the contractile section was 101 ml/m2 compared to 78 ml/m2 for the total LV of normals. The contractile portion of left ventricles with aneurysm had an ejection fraction of 40% ± 17 (SD) compared to 66% ± 6 for normals. In three patients the contractile section ejection fraction was within or above the normal range. The ejection fraction of the contractile section did not correlate with the patient's cardiac index, end-diastolic pressure, or ejection fraction of the total left ventricle. There was no significant correlation between postoperative improvement and the preoperative cardiac index, end-diastolic pressure, total end-diastolic volume, total left ventricular ejection fraction or severity of coronary artery disease. Of all the preoperative parameters studied, only the contractile section ejection fraction ( fig. 6 ) was found to correlate with the result of resection of ventricular aneurysm.
Discussion
The patients in this series do not represent a random sample of the total population of patients with ventricular aneurysm since patients who were not severely disabled were not studied. In needed to calculate ejection fractions.13
As with all models for estimating ventricular volume from angiographic films, the double hemispheroid method described is limited by the degree that the diseased left ventricle conforms to the geometrical model used. To further validate this model would require imaging of pathological specimens of ventricles with ventricular aneurysm and comparison of Since the contractile section as defined in this study represents that portion of the left ventricle which will remain after resection of ventricular aneurysm, an estimate of the performance of this section as a pump preoperatively would be expected to be an important determinant of the operative outcome. Our data, while limited, appear to support this prediction, and thus agree with the results of studies which have shown the ejection fraction of the total left ventricle to be an important predictor of the outcome of open heart surgery.2", 22
